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Th« pr«9ent invention relates to memories of the type known as CAMs (Con- 
tent Addressed Memories) or Associative Memories. 

A conventional computer memory consists of 0 large number of memory loca- 
tions which have aequantial addreaa«». To accesa a location in such a mftmory. 
an addi-.*. is supplied to the memory; the corresponding location ia thereby 
selected, and its contents can then be accessed (ie read or written). 

This works admirably when the address of the desired location (which typi- 
cally .tores a byte or a word) is known. However, there is a variety of situ- 
ations in which data is organized in data blocks and what is wanted is a data 
block having particular data in a part of the block. Conventionally, the only 
way Of finding the desired data block ia to search through the data blocks one 
by one. A simple sequential search is the simplest procedure, but is liable to be 
extremely Ume-consuming. Various forms of directory structures or indexing 
can sometimes be uaed, but these tend to be complicated and inflexible. 

To overcome these problems, a type of memory known as content addressable 
memory CCAM) has been proposed. This type of memory is also known as associ- 
ative, because it automatically associates the desired data with the blocks 
containing that data. 

CAMS have never achieved substantial commercial success, primarily because 
of the complexity of the circuitry required, compared with conventional memories. 
The situation is made worse because of the relatively limited range of applica- 
tion, for CAM., ao that CAM memories would be a relatively low-volume and high 
cost product even apart from the extra complexity. 

The general object of the present invention is to provide an improved CAM 
architecture which alleviates or overcomes these problems. 

Sv;MTM)^Nj ^^^^ 

According to the present invention there is provided a content addressable 
memory comprising a CAM control logic unit and a plurality of cells connected in 
a chain, each cell comprising: 
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a memory block coupled to a common address bus; 

a comparator coupUd to a common dat^ bu3 «.nd to the data interface of the 
memory block; 

switching means coupllns the data interface of the memory block with the 
data bus, and; 

logic block including a Match flip-flop: 
the memory being operable: 

in a Search phase to serially match a sequence of words on the common data 
bus With the contents of a sequence of addre«ea in the memory block, of 
the cells; and 

in an Access phase, to render the cells matched in the Search phase serially 
available for access via the common address and data buses. 

A CAM embodying the invention will now be described, by way of example 
with reference to the drawing^^in whichPT 

Pig. 1 i. a generaf SS^ft d^a)f^ th^Vys^^m; 

Fig. 2 is a more detailed block diagram of a cell of the system; and 

Fig. 3 is "-^^tailed block diagram of the logic block of a cell of the system 

Referring to Fig. the CAM co,sistsSrim«rily of a'ch^Tn^of iSrSlfaf ceUs 
10, with a CAM control unit U. which is coupled to the top of the chain of logic 
blocks 10. 



Each eel, CFlg. 2> contains a respective memory block 12. which may use say 
DRAM Cwith- conventional refresh arrangements operating on each block) or SRAM 
The size of each memory block may be say 64 kbytes, though obviously the num- 
ber of location, may vary and the word length may also be varied <eg to 2 or 4 

bytes). The number of blocks will normally be large, typically of the order of 

105. 



bus 



The cells 10 are coupled to a I -byte data bus DATA, a 16-blt address 
ADD, and a control bus COKT. The address and data bus widths match the num- 
ber Of locations in the memory block in each cell and the size of each location 
If the CAM forms part of e computer sy.tem. these bu^es may be general system- 
wxde buses, or perts of such system buses. A system address bus may be consi- 
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dcrobly wider th«n 16 bits; the bottom 16 bits wi)l then be used as the address 
bus ADD for the CAM, Similarly, the control bus for the CAM may form part of 
B multi-bit aystem control bus. 

Each cell 10 also contains a memory block 12, a logic block i3» a comparator 
14, and a bidirectional switch 15. The chaining of the cells JO is through their 
logic blocks 13, ad shown* 

The CAM will normally be implemented on on integrated circuit chip. It 
will be realized that such a chip can easily be designed so that several such 
chips ^ can be chained to increase the size of the CAM. The control unit II is 
preferably a separate unit. However, it can be included on the CAM chip if 
desired; in that case, several chips can be chained by designing the controller so 
that only that of the first chip in the chain is enabled, with those of the 
following chips in the chain being disabled. 

The functions of the logic blocks 13 can best be understood by considering 
the manner in which the CAM operates. The CAM operates in 2 modes. Search 
and Access. The Search phasS is concerned with finding the cells containing 
data which matches the search criteria; the Access phase is concerned with acces- 
sing those cells to extract the associated data. 

For simplicity we shall assume that each cell contains a single data block of 
1024 bytes stored in its memory block. If the data block is shorter than 1024 
bytes, then it is simply padded out with dummy bytes. Cln fact, the dummy bytes 
may simply be left unused, le never read or written, in the memory block.) The 
data blocks also all have the aame structure, which we shall take as consisting of 
a number of key fields Keyl, Key2, Key3, etc and a number of data fields Datal. 
Data2, DataS, etc. Although the division of the data blocks into fields is 
identical for all data blocks, the number of fields, their sixes, and their locations 
in the data block can be chosen arbitrarily. We shell also assume that all fields 
are integral numbers of bytes long. 

For a aearch, a set of key fields is defined, together with a set of search 
contents for those fields. Each search field is fed to the cells in turn, and for 
each search field, the search bytes are fed to the cells sequentially. Thus each 
cell receives a sequence of search ' bytes on the DATA bus, each accompanied on 
the ADD bus by its address in the data block. Further, the CAM control unit 1 I 
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feeds a Search control signal to all cells, via the chain of logic blocks 13 in the 
cells. 

Each time a byte address is fed to a cell in the Search phase, the corres- 
ponding location m the cell's memory block 12 is read. This reads out a byte 
from one of the key fields in the data block stored in the cell. The stored byte 
is passed to the compare unit 14. which is also fed with the search byte on the 
data bus DATA. (Switch 15 is disabled at this time, isolating the DATA bus from 
the data output of the memory block.) The compare unit 14 compares the 2 
bytes fed to It. and produces a Hit or Miss signal, depending on whether the 
search byte and the stored byte match or don't match. 

The logic block 13 of each cell contains a Match flip-flop. The CAM con- 
trol unit 11 initially sets the Match flip-flops of all call, to the Hit state. m 
each cell, each time a comparison is made by the comparator U between a search 
byte and a stored key-field byte, the result (Hit or Miss) is fed to the Match 
flip-flip 16. If the stored byte and the data byte don't match, the Mis, output 
from the comparator clears this flip-flop to Miss. After the succession of 
search bytes in the different key fields has been run. the Match fHp-flop will 
remain In the Hit state only if all bytes match. 

If desired, a MASK bus (not shown), with the same width as the DATA bus. 
can be included. Masking can time-share the DATA bus or use a second byte on 
the .yatem data bus If that bus is wide enough. The MASK bus will be coupled 
to the comparator, in all cells 10. and each bit on the MASK bus will determine 
Whether or not the comparator compares the corresponding bits of the search and 
stored byte.. Thus bit-level rather than merely byte-lev.l searching and 
matching c*h easily be implemented If desired. This .Hows tighter packing of 
the key fields if many of them are less than 1 byte long. 

At the end of the Search phase, therefore, the Match flip-flop of each cell 

of the CAM will still be in the Hit state if a full match ha. been achieved for 

that cell, but will have been set to Miss if any failure of the matching has 
occurred for that cell. 

Once the Search phase is finished, the Access phase follows. For this, the 
CAM control unit u sends an Access signal to the chain. At the atart of this 
phase, there will be some unknown number of cells with their Match flip-flops 
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©till act at Hit. Theae are coupled in a logic chain through the logic blocks 13. 
The topmost of th«»« cells is enabled by the Accesss aignal and its Match flip-- 
flop; this enabled call diaablea all the fonowing cells in the chain* 

This enabled call can be acceaaed over the addrats, data^ and control buses 
ADD, DATA, and CONT- The address bus is coupled to the memory block IE of 
the cell, and the switch 15 is enabled by the logpic block 13, coupling the data 
bus to the memory block data path. The control bus carries a l*bit read/write 
signal R/W which is. In this phase, passed through the logic block 13 to the 
memory block 12, to control whether reading or writing occurs. An arbitrary 
number of data fields can therefore be read or written, by sending the addresses 
of those fields to the cells in turn, and for each data field, sending the data 
bytes to the cells or reading them from the cells sequentially. 

Once the acceaaing of the enabled cell i» complete, the CAM control unit 1 1 
sends a signal down the chain of cells to clear the topmost Match flip-flop to 
Miss. The next Match flip-flop at Hit will then enable its cell, and the data 
block in that cell can then be acceaaed. The process continues in the seme way 
with aach cell in the chain with its Match flip-flop set being enabled in turn, 
until all matching data blocks he^e been accessed. 

Obviously not all data blocks found in the Search phase need be accessed in 
the same way. Once accessing Of a block has started, the accessing may if 
desired be made dependant on data read from the block. 

The number of matches <if any) i 8 in general not predictable, A return 
line may be provided from the end of the chain of cells back to the CAM control 
unit 11^ and arranged to change state when all Match flip-flops in the chain ha^^e 
been cleared to Misa. 

Alternatively, the end of the sequence can be determined by software. 
When the end of the sequence of matching blocks is reached, any attempt to 
carry on reading data blocks will result in no read occurring. The data bus 
will therefore return its inactive state <hex-FF if it has pull-up resistors). So 
to determine when all matching blocks hs^e been read, the system monitors for 
this dats byte. To present genuine data bytes with the <ralue h«x-FF from being 
misinterpreted as the end of the set of matching blocks, a standard byte addreas 
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is chosen in all data blocka and a non-FF-hex byte ia deliberately included in 
that address in e^ery data block. 

Once a cell has bean selected, it can of course be written as well as read. 
So a selected cell can simply haVe a complete new date block written into it, or 
it* contents can be inspected and Various parts of it changed, possibly in depen- 
dence on what It contains. 



It has been assumed abotlre that each cell contains a sinsle data block. The 
optimum operating condition will be with a data block size which matches the 
memory block size. A data block must be confined within a single cell, so if the 
data blocks <rary in size, the maximum size must not be larger than the cell size. 
However, if the data block sl2e is considerably smaller than the cell size, it would 
be possible to pack 2 (or more) short data blocks into a cell. The di<'iaion of 
the cell into such data blocks would be essentially a matter for software control. 
This would of course mean that a search would ha^e to be done in 2 st«aea. 
searching first aay the top halves of the cells for d-ta block matches, and then 
the second halves of the calls for any further data block matches. 

It is also possible for two or more data blocks to be linked together into 
an extended data block by suitable software techniques, so that a set of blocks so 
linked can be accessed as a group. A set of blocka so linked can be regarded 
as an extended data block whose size is not limited by the cell size. For 
example, each extended block can be given a unique identifier, with ell cells in 
the block containing identical copies of the key fields and the block identifier, 
and each cell of the extended block containing a serial number for its position 
In the extended block. 

Suromarliing the system, therefore, it is evident that cells can be saarched 
on any fields, and any cells matching the search can be read, modified, or com- 
pletely rewritten. Although the operation was described abo*e in terms of key 
and data fields, the division of the data block structure into such fields i» 
purely notional; any byte, can be treated as key bytes, data bytes, or both. 

It is not possible to access a cell by its position in the chain. However, 
this does not mean that a cell can become inacceaaible. If « cell is to b^ 
effectively cleared, a atandard byte address can be chosen for all data blocks, and 
filled With one data ^'.lue if the data block in that call is Valid and another' data 
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<rolu« if the data block in the cell i» cleared, ie in^ralid. A search for cells 
with the a«cond data ^alue in that location will then retriex'e all empty data 
blocks in sequence. If all else fails, a search with no search fields will select 
all cells, which can then be written into sequentially. (That is, the Search phese 
is entered to set all Match flip-flops to Hit, and the Access phase is 
entered immediately.) 



Referring now to Fifi. 3, the logic and control circuitry of the cell 10 will 
be described in more detail. Each call is, as described above, coupled to the 
system data bus DATA and the system address bus ADD. There is also a single 
line chaining all the cells together. Apart from this single line, the control 
signals to the cells are preferably all carried on the system control bus CONT, 
which is coupled to all cells. In many instances, the system CPU can 

conveniently be arranged to generate these signals, so that this CPU constitutes 
the CAM control unit 11. In addition* a further line of the control bus may be 
coupled to the first cell as the start of the chain line through all cells. (As 
discussed above, a return line from the end of the chain line may usually be 
dispensed with«> 



Fig. 3 shows the control logic unit 13 of a typical cell 10 in more detail, 
A memory control unit 30 is fed with three control bus signals R/W, S/A, and EN. 
The R/W signal is a read/write signal, which is used to determine whether the 
cell memory block 12 is to be read from or written to in the access phsse of the 
operation of the CAM. The S/A signal determines whether the CAM operates in 
the Search or Access modes. The EN signal is an «nable signal, which deter- 
mines whather the CAM is enabled or not. When enabled, it is assumed that the 
other devices coupled to the system buses are disabled; when the CAM is disabled, 
other devices coupled to the system buses may be enabled without their operation 
being effected by the existence of the CAM. 

It will be reaiizad, of course, that the CAM <or the integrated circuit chips 
carrying the CAM) may be assigned a control address, so that the CAM con be 
enabled and disabled by means of such a control address, In effect, this means 
that the CAM is enabled by a suitable signal combination <the control address) on 
a plurality of control bus lines, but that set of control bus lines will be shared 
with many other devices in the system, rather than the CAM requiring a dedicated 
control bus line. 
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The memory logfic block EO generdttts three output signals. There is a 
control signal to the bidirectional switch 15, which is used to couple the memory 
block 12 and th^ data bus DATA to the comparator 14 in the aearch phase and 
the memory block to the data bus in the access phase. There is e R/W signal to 
the memory block 1 2 to set it for reading in the search phaae and for reading 
or writing, as the case may be, in the access phase. And there is an Enable 
signal to the memory block 12, to enable it in the search phase and, if the cell 
is the selected cell, in the access phase. 

The cell also includes a chain line coupling switch 31 which couples the 
chain line into the cell, C-IN, to the chain line out of the cell, C-OUT. Thi 
switch in effect either couples the chain in line C-IM to the chain out line C- 
OUT or imposes a logic 0 on the chain out line C^OUT. It can conveniently be 
implemented as a pair of switches, one connected between the chain in and chain 
out lines and the other connecting the chain out line to earth Clogic 0), with a 
control signal driving one switch dir«ictly and the other via an inverter. If 
desired, the cells may be grouped into groups with more elaborate logic for the 
chain, line within the groups to reduce signal propagation time along the chai 



s 



Ln. 



The control logic unit 13 also includes the match flip-flop 16, which has 
already been discussed. This flip*flop has an input from the comparator 14, es 
described ebove. It is also fed with a further signal RST from the system 
control bus CONT. This signal RST is a reset signal which is used to reset all 
match flip-flops in the CAM to the match state at the beginning of the search 
pha*«. 

Finally, there is m Next control block 22. This is fed from the match flip- 
flop 16 artd from the chain in line C-IN, and controls the chain line switch 21. 
If the aisnal on the chain in line is a logic 1 Cwhich indicatea that all cells 
alKJve the present cell in the chain have been dealt with), and if the match flip- 
flop remains set at the and of the search phase, then the present cell la the next 
one to be acceaeed. The Next control block 22 enables the memory control block 
20. and sets the switch 21 to logic O. If the match flip-flop has been cleared, 
however, then the Next control block automatically disables the memory control 
block 20 Cso that the cell cannot be accessed) and sets the switch 21 to pass the 
signal on the chain in line on to the chain out line. 
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Th« Nesct control block is ftlao fed with the fifth of the five signals from 
the system control bus, NXT, and further includes a flip-flop. If the cell is the 
currently »el«cted one <ie the match flip-flop is atlll at match and all cells above 
it in the chain have been accessed), then the NXT signal effectively disables the 
present cell. The Next control block 21 sets the svatch 21 to pass the logic 1 
on to the next cell down the chain, and disables the memory control logic 20 so 
that the cell cannot be accessed again. The flip-flop of the Next control block 
is used to capture the state of the incoming C-IN signal and prevent the NXT 
signal from propagating down the chain. The Next control block therefore also 
has an output to the match flip-flop 16. 
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was carried out on the basis of the sequence listing : 

I I contained in the intemational application in written form. 

filed together with the intemational application in computer readable form, 
furnished subsequently to this Authority in written fonm. 
fumished subsequently to this Authority in computer readble form. 



2. 
3. 
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□ 

□ 
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the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 



With regard to the title, 

I X I the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

I X I the text is approved as submitted by the applicant. 

j I the text has been established, according to Rule 38.2(b), by this Authority as It appears in Box 111. The applicant may, 
* — ' within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. J 



Pn as suggested by the applicant. None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5 257 220 A (SHIN YONG-CHUL ET AL) 

26 October 1993 (1993-10-26) 

column 2, line 32 - line 53; figure 1 



EP 0 459 703 A (SGS THOMSON 

MICROELECTRONICS) 

4 December 1991 (1991-12-04) 

the whole document 
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Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



" Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the intemational filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 
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